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LQYHVWLJDWHG7XUVNL HW DO >@ =KDR HW DO >@ DQG&KHQ HW DO >@ HPSOR\HG LQSODQH SUHFRPSUHVVLRQPHWKRG WR
LQWURGXFHWKHUHVLGXDOVWUHVVILHOGVLQWRQRWFKHG&7VSHFLPHQVDQGWKHQLQYHVWLJDWHGWKHHIIHFWVRIUHVLGXDOVWUHVV
RQ WKHFUHHSGDPDJHDQGFUDFN LQLWLDWLRQ+RZHYHU WKH LQSODQHSUHFRPSUHVVLRQPHWKRGXVHG WR LQWURGXFH ORFDO
UHVLGXDOVWUHVVLVRQO\VXLWDEOHIRUQRWFKHGVSHFLPHQVDQGRQO\WKHORFDOWHQVLOHUHVLGXDOVWUHVVDWDQRWFKWLSFDQEH
LQWURGXFHG)RULQYHVWLJDWLQJDQGXQGHUVWDQGLQJWKHHIIHFWVRIWKHORFDOWHQVLOHRUFRPSUHVVLYHUHVLGXDOVWUHVVDKHDG
RIDFUDFNWLSRQFUHHSFUDFNLQLWLDWLRQDQGJURZWKEHKDYLRUWKHORFDOUHVLGXDOVWUHVVILHOGZDVLQWURGXFHGE\XVLQJ
WKH ORFDO RXWRISODQH FRPSUHVVLRQ /23&PHWKRG >@'LIIHUHQWPDJQLWXGHV DQG GLVWULEXWLRQV RI UHVLGXDO VWUHVV
DKHDGRIFUDFN WLSVFDQEH LQWURGXFHGE\PRYLQJ WKHSRVLWLRQRI ORFDOFRPSUHVVLRQRQ WKH VLGHVRI WKHVSHFLPHQ
+RVVDLQHWDO>@XVHGWKH/23&PHWKRGWRREWDLQGLIIHUHQWUHVLGXDOVWUHVVILHOGVDKHDGRIFUDFNWLSVDQGWKHHIIHFW
RIUHVLGXDOVWUHVVRQFUHHSGDPDJHHYROXWLRQZDVQXPHULFDOO\DQDO\]HG+RZHYHUWKHHIIHFWVRIWKHORFDOWHQVLOHRU
FRPSUHVVLYH UHVLGXDO VWUHVV DKHDG RI D FUDFN WLS RQ FUHHS FUDFN LQLWLDWLRQ DQG JURZWK EHKDYLRU KDYH QRW EHHQ
FRPSOHWHO\LQYHVWLJDWHGDQGXQGHUVWRRG
,QWKLVSDSHUGLIIHUHQWWHQVLOHDQGFRPSUHVVLYHUHVLGXDOVWUHVVHVDUHLQWURGXFHGLQSUHFUDFN&7VSHFLPHQVE\
WKH/23&PHWKRGDQGWKHQWKHILQLWHHOHPHQWPHWKRG)(0EDVHGRQGXFWLOLW\H[KDXVWLRQGDPDJHPRGHOLVXVHGWR
VLPXODWH FUHHS FUDFN LQLWLDWLRQ DQG JURZWK LQ WKH SUHVHQFH RI UHVLGXDO VWUHVV 7KH HIIHFWV RI ORFDO WHQVLOH DQG
FRPSUHVVLYHUHVLGXDOVWUHVVDKHDGRIFUDFNWLSVRQWKHFUHHSFUDFNLQLWLDWLRQDQGJURZWKEHKDYLRUDUHLQYHVWLJDWHG
)LQLWHHOHPHQWPRGHOVDQGQXPHULFDOSURFHGXUHV
2.1. Material 
7KHPDWHULDOXVHG LQ WKLVZRUN LV D&U0R9VWHHO &KLQHVH&U1L0R97KHVWUHVVVWUDLQ UHVSRQVHRI WKH
VWHHODWURRPWHPSHUDWXUHREH\VWKHSRZHUKDUGHQLQJUHODWLRQ>@
EV H  yV V   
nKV H 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
ZKHUH \LHOG VWUHVV yV   03D <RXQJ¶VPRGXOXVE   *3D 3RLVVRQ¶V UDWLR Ȟ   WKH VWUDLQKDUGHQLQJ
H[SRQHQWnDQGFRHIILFLHQWKLVDQG03D>@UHVSHFWLYHO\
7KH WUXH VWUHVVVWUDLQ FXUYH RI WKLV VWHHO DW ćZDV VKRZQ LQ)LJ >@7KH<RXQJ¶VPRGXOXVE DQG \LHOG
VWUHVV yV DWćLV*3DDQG03DUHVSHFWLYHO\7KHFUHHSEHKDYLRURIWKLVVWHHOREH\VWZRUHJLPH1RUWRQ
51FUHHSPRGHOLQ(T7KHWUDQVLWLRQVWUHVVLVDERXW03DDQGWKHYDOXHVRIA1, n1DQGA2, n2DUHOLVWHG
LQ7DEOH>@
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2.2. Finite element models of LOPC 
7KHFRPSDFWWHQVLRQ&7VSHFLPHQZLWKWKLFNQHVVB PPZLGWKW PPDQGFUDFNGHSWKaW 
ZDV XVHG LQ WKLV VWXG\ 7KH VSHFLPHQ JHRPHWU\ LV VKRZQ LQ )LJ 'XH WR V\PPHWU\ RQO\ RQH TXDUWHU RI WKH
VSHFLPHQ JHRPHWU\ ZDV PRGHOHG DQG WKH )( PRGHO DQG PHVKHV DUH LOOXVWUDWHG LQ )LJ D 7KH ORFDO PHVK
GLVWULEXWLRQDURXQGWKHFUDFNWLSLVVKRZQLQ)LJEDQGWKHFUDFNWLSLVLQLWLDOO\VKDUS7KHHLJKWQRGHOLQHDU'
HOHPHQWV&'5ZHUHXVHGLQWKH)(PRGHO7KHHOHPHQWVL]HRIȝPLVVHWLQWKHFUDFNJURZWK]RQHGXHWRWKH
DYHUDJHJUDLQVL]HRI&U0R9VWHHOLVHVWLPDWHGWREHDERXWȝP>@


)LJ*HRPHWU\RI&7VSHFLPHQDQGDSSOLFDWLRQRIGRXEOHSXQFKLQJWRROV

 
)LJ)LQLWHHOHPHQWPRGHORIWKH&7VSHFLPHQDPHVKHVRIZKROHPRGHOEORFDOPHVKHVDKHDGRIWKHFUDFNWLS
7R JHQHUDWH ORFDO FUDFNWLS UHVLGXDO VWUHVVHV WKH SURFHVV RI /23& LV SHUIRUPHG RQ ERWK VLGHV RI WKH &7
VSHFLPHQVLPXOWDQHRXVO\XVLQJDGRXEOHSDLUVRIWRROVDVVKRZQLQ)LJ7KHSXQFKLQJWRROUDGLXVRLVPP7KH
VSHFLPHQ VXUIDFH LV FRPSUHVVHGE\ WKH WRROVXQWLO D VSHFLILHGGLVSODFHPHQW WRSURGXFH VRPHSODVWLFGHIRUPDWLRQ
7KH VSHFLPHQ LV WKHQ XQORDGHG E\PRYLQJ WKH WRROV EDFN WR WKHLU RULJLQDO SRVLWLRQ DQG D UHVLGXDO VWUHVV ILHOG LV
JHQHUDWHG GXH WR WKH VWUDLQ LQFRPSDWLELOLW\ EHWZHHQ WKH HODVWLF DQG SODVWLF UHJLRQV LQ WKH VSHFLPHQ >@ 7KH
PDJQLWXGH DQGGLVWULEXWLRQRI WKH UHVLGXDO VWUHVVHV FDQEH FKDQJHGE\PRYLQJ WKHSRVLWLRQRI WKHSXQFKLQJ WRROV
D
E
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UHODWLYHWRWKHFUDFNWLS7KHSRVLWLRQRISXQFKLQJWRROVLQ/23&RQWKHVSHFLPHQVXUIDFHLVFKDUDFWHUL]HGE\WZR
SDUDPHWHUVRIįxDQGįyZKHUHįxLVWKHGLVWDQFHEHWZHHQWKHSXQFKLQJWRROVFHQWHUDQGWKHFUDFNWLSDQGįyLVWKH
GLVWDQFH EHWZHHQ WKH SXQFKLQJ WRROV FHQWHU DQG WKH FUDFN SODQH PLGSODQH DV VKRZQ LQ )LJ7KH VWUHVVVWUDLQ
UHVSRQVH RI WKH VWHHO DW URRP WHPSHUDWXUH LQ (T  LV XVHG 7R JHQHUDWH GLIIHUHQW GLVWULEXWLRQV RI WKH UHVLGXDO
VWUHVVHVWKHSXQFKLQJWRROVSRVLWLRQįx/RLVFKDQJHGDQGWKHįy/RYDOXHLVIL[HGWREH7KHHLJKWįx/RYDOXHVDUH
VHWDQG WKH\DUH   DQG)LJ$SUHFRPSUHVVLRQGLVSODFHPHQWRIPPZDV
DSSOLHGRQWKHSXQFKLQJWRROVULJLGSDUWVLQWKHVLPXODWLRQVDQGWKHQXQORDGLQJ
2.3. Creep damage model and creep crack growth simulation 
7KHFUHHSGDPDJHPRGHOEDVHGRQGXFWLOLW\H[KDXVWLRQFRQFHSWKDVEHHQZLGHO\XVHGLQWKHVLPXODWLRQRI&&*
>@,QWKLVZRUNWKHGXFWLOLW\H[KDXVWLRQGDPDJHPRGHOZDVDOVRXVHG7KHUDWHRIGDPDJHZ LVGHILQHGE\
WKHUDWLRRIHTXLYDOHQWFUHHSVWUDLQUDWH cH DQGPXOWLD[LDOFUHHSGXFWLOLW\
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ZKHUH fH DQG fH LVORZHUVKHOIDQGXSSHUVKHOIFUHHSGXFWLOLW\UHVSHFWLYHO\ fH   fH  DQG c  c DQG
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5HVXOWVDQGGLVFXVVLRQ
3.1. Residual stress distributions under the influence of different punching tools positions  
7RLQYHVWLJDWHWKHHIIHFWVRIWKHUHVLGXDOVWUHVVRQFUHHSFUDFNLQLWLDWLRQDQGJURZWKWKHUHVLGXDOVWUHVVILHOGVDUH
LQWURGXFHE\WKH/23&PHWKRGLQWKH&7VSHFLPHQVXVLQJGLIIHUHQWSXQFKLQJWRROVSRVLWLRQVįx/Rįx/R 
WKHSXQFKLQJWRROVDUHEHKLQGWKHFUDFNWLSWKHSXQFKLQJWRROVDUHSDUDOOHOWRWKHFUDFNWLSDQG
WKHSXQFKLQJWRROVDUHLQIURQWRIWKHFUDFNWLS7KHQRUPDOUHVLGXDOVWUHVVı\\GLVWULEXWLRQVDORQJWKH
FHQWHUOLJDPHQWIRUGLIIHUHQWWRROVSRVLWLRQVDUHFRPSDUHGLQ)LJ,WFDQEHVHHQWKDWZKHQWKHSXQFKLQJWRROVDUH
EHKLQGWKHFUDFNWLSWKHPD[LPXPYDOXHRIFRPSUHVVLYHUHVLGXDOVWUHVVDSSHDUVQHDUWKHFUDFNWLSWKHQWKHYDOXHRI
FRPSUHVVLYHUHVLGXDOVWUHVVGHFUHDVHVZLWKLQFUHDVLQJWKHGLVWDQFHIURPWKHFUDFNWLS7KHUHVLGXDOVWUHVVLVWHQVLOH
VWUHVV LQ WKHUHJLRQDZD\IURPWKHFUDFNWLS0D[LPXPFRPSUHVVLYHUHVLGXDOVWUHVV LVREWDLQHGIRU WKHSRVLWLRQRI
įx/R   7KH UHVLGXDO VWUHVV GLVWULEXWLRQ LV UHODWLYHO\ XQLIRUPZKHQ WKH SXQFKLQJ WRROV SDUDOOHO WR WKH FUDFN WLS
įx/R  :KHQ WKHSXQFKLQJ WRROV DUH LQ IURQWRI WKH FUDFN WLS WHQVLOH UHVLGXDO VWUHVV LVJHQHUDWHG LQ D FHUWDLQ
UHJLRQDKHDGRIWKHFUDFNWLS7KHSHDNWHQVLOHUHVLGXDOVWUHVVLVORFDWHGDWDFHUWDLQGLVWDQFHDZD\IURPFUDFNWLS
DQG WKHQ WKH YDOXH RI WHQVLOH UHVLGXDO VWUHVV GHFUHDVHV ZLWK LQFUHDVLQJ WKH GLVWDQFH IURP WKH FUDFN WLS 7KH
FRPSUHVVLYHUHVLGXDOVWUHVVGLVWULEXWHVLQWKHUHJLRQDZD\IURPWKHFUDFNWLS7KHPD[LPXPWHQVLOHUHVLGXDOVWUHVVLV
JHQHUDWHG IRU WKH įx/R    ,Q JHQHUDO )LJ VKRZV WKDW WKH FUDFNWLS UHVLGXDO VWUHVV JUDGXDOO\ FKDQJHV IURP
FRPSUHVVLYHVWUHVVWRWHQVLOHVWUHVVZKHQWKHSXQFKLQJWRROVPRYHIURPWKHSRVLWLRQRIįx/R WRWKHSRVLWLRQRI
įx/R 7KHVHUHVXOWVDUHFRQVLVWHQWZLWKWKRVHLQWKHOLWHUDWXUH>@


)LJ'LVWULEXWLRQVRIQRUPDOUHVLGXDOVWUHVVDKHDGRIFUDFNWLSDORQJFHQWHUOLJDPHQWIRUVSHFLPHQVZLWKGLIIHUHQWSXQFKLQJWRROVSRVLWLRQV
3.2.  Effects of residual stress on creep crack initiation and growth 
)RUWKH&7VSHFLPHQVZLWKWKHUHVLGXDOVWUHVVILHOGVWKHFUHHSFUDFNLQLWLDWLRQ&&,DQGJURZWK&&*ZHUH
VLPXODWHG XVLQJ FUHHS GDPDJH PRGHO XQGHU WKH DFWLRQ RI D 1 FUHHS ORDG )LJ VKRZV WKH FUHHS GDPDJH
FRQWRXUVIRUDOOVSHFLPHQVZLWKGLIIHUHQWSXQFKLQJWRROVSRVLWLRQVDQGDVSHFLPHQZLWKRXWSUHFRPSUHVVLRQZLWKRXW
UHVLGXDOVWUHVVDW WKHVDPHFUHHSWLPHRI[K7KHᇞa LQ)LJLVWKHDYHUDJHFUHHSFUDFNJURZWKOHQJWKDORQJ
FUDFNIURQW,WFDQEHVHHQWKDWDWWKHVDPHFUHHSWLPHQRFUHHSFUDFNLQLWLDWLRQKDVRFFXUUHGWKHYDOXHRIGDPDJH
6'9LVOHVVWKDQIRUWKHVSHFLPHQZLWKįx/R DQGWKHFUHHSFUDFNKDVMXVWLQLWLDWHGWKHᇞaLVPP
IRUWKHVSHFLPHQZLWKįx/R  7KHDYHUDJH&&*OHQJWKᇞaLQFUHDVHVZLWKLQFUHDVLQJWKHįx/R YDOXHIURPWR
H[FHSWIRUWKHVSHFLPHQZLWKįx/R =7KH&&*OHQJWKIRUWKHVSHFLPHQZLWKRXWSUHFRPSUHVVLRQLVORQJHU
WKDQWKDWRIWKHVSHFLPHQVZLWKįx/R =DQGDQGLVDOPRVWWKHVDPHDVWKDWRIWKHVSHFLPHQZLWKįx/R =
)RUHYHU\VSHFLPHQWKH&&*OHQJWKFORVHWRWKHFHQWHUOLJDPHQWLVORQJHUWKDQWKDWFORVHWRWKHIUHHVXUIDFH
GXHWRWKHKLJKHUVWUHVVDQGFUDFNWLSFRQVWUDLQWLQWKHFHQWHUOLJDPHQWUHJLRQ>@&RPSDUHG)LJZLWK)LJVLW
FDQEHVHHQ WKDW WKHVSHFLPHQVZLWKFRPSUHVVLYHUHVLGXDOVWUHVVDWFUDFN WLSVKDYHVKRUWHU&&*OHQJWKDQG WKRVH
ZLWKWHQVLOHUHVLGXDOVWUHVVKDYHORQJHU&&*OHQJWK7KLVLPSOLHVWKDWWKHKLJKHUWHQVLOHUHVLGXDOVWUHVVDWFUDFNWLSV
SURPRWHVFUHHSFUDFNLQLWLDWLRQDQGJURZWK7KHORQJHU&&*LQWKHVSHFLPHQZLWKįx/R =ZLOOEHDQDO\]HGODWHU
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
)LJ7KHFUHHSGDPDJHFRQWRXUVIRUSUHFRPSUHVVHGVSHFLPHQVDWWKHVDPHDSSOLHGORDGRI1DQGWKH
VDPHFUHHSWLPHRI[KDį[5 Eį[5 Fį[5 Gį[5 Hį[5 I
į[5 Jį[5 Kį[5 ˈLWKHVSHFLPHQZLWKRXWSUHFRPSUHVVLRQZLWKRXWUHVLGXDOVWUHVV
)LJLOOXVWUDWHVWKHYDULDWLRQRIDYHUDJHFUHHSFUDFNJURZWKOHQJWKDJDLQVWWLPHIRUWKHVSHFLPHQVZLWKGLIIHUHQW
SXQFKLQJWRROVSRVLWLRQV)RUFRPSDULVRQWKHVSHFLPHQZLWKRXWSUHFRPSUHVVLRQLVDOVRLQFOXGHG,WFDQEHVHHQWKDW
DWWKHHDUO\FUHHSFUDFNJURZWKVWDJHWKHFUHHSFUDFNJURZVVORZO\DQGWKHQWKH&&*UDWHLQFUHDVHVUDSLGO\XQWLO
WKH IUDFWXUH RFFXUV 7KH IDVWHU&&* UDWH DW WKH ODWHU VWDJH LV GXH WR WKH LQFUHDVLQJ ORDG DSSOLHG RQ WKH OLJDPHQW
EHFDXVHRIWKHGHFUHDVLQJRIWKHUHPDLQLQJOLJDPHQWDUHD)LJVKRZVWKDWWKHFXUYHVKDSHRIWKHVSHFLPHQVZLWK
GLIIHUHQWįx/RYDOXHVLVVLPLODU:LWKPRYLQJWKHSXQFKLQJWRROVSRVLWLRQįx/RIURPWRWKHFXUYHVPRYH
IURPWKHULJKWWRWKHOHIWDQGWKHFUHHSIUDFWXUHOLIHEHFRPHVVKRUW7KHVSHFLPHQZLWKįx/R  = KDVVKRUWHUFUHHS
IUDFWXUHOLIHDQGWKHOLIHRIWKHVSHFLPHQZLWKRXWSUHFRPSUHVVLRQLVVLPLODUWRWKHVSHFLPHQZLWKįx/R =7KH
&&,WLPHtiIRUHYHU\SUHFRPSUHVVHGVSHFLPHQLVREWDLQHGIURP)LJDQGLVVKRZQLQ)LJ,WFDQEHVHHQWKDWWKH
&&, WLPH GHFUHDVHV ZLWK LQFUHDVLQJ WKH įx/R YDOXH IURP  WR  7KH &&, WLPH RI WKH VSHFLPHQV ZLWK
FRPSUHVVLYH UHVLGXDO VWUHVV įx/R =     LV VLJQLILFDQWO\ ORQJHU WKDQ WKDW RI WKH VSHFLPHQVZLWK
WHQVLOHUHVLGXDOVWUHVVįx/R = DQG7KLVLPSOLHVWKDWWKHKLJKHUFRPSUHVVLYHUHVLGXDOVWUHVVDWFUDFNWLSV
E
F G
H I
J K
L
D
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GHOD\VFUHHSFUDFNLQLWLDWLRQDQGLQFUHDVHVWKHLQLWLDWLRQOLIHZKLOHWKHKLJKHUWHQVLOHUHVLGXDOVWUHVVSURPRWHVFUHHS
FUDFNLQLWLDWLRQDQGGHFUHDVHVWKHLQLWLDWLRQOLIH
7KHHIIHFWVRIWKHUHVLGXDOVWUHVVRQWKHFUHHSFUDFNLQLWLDWLRQDQGJURZWKFDQEHDQDO\]HGE\WKHFUHHSGDPDJH
PRGHO(TV)LJVKRZVWKHGLVWULEXWLRQVRIHTXLYDOHQWVWUHVVDQGVWUHVVWULD[LDOLW\DKHDGRIFUDFNWLSVDWWKH
VDPHFUHHSWLPHt KIRUWKHVSHFLPHQVZLWKGLIIHUHQWįx/R,WFDQEHVHHQWKDWWKHHTXLYDOHQWVWUHVVDQGVWUHVV
WULD[LDOLW\DKHDGRIFUDFN WLSV LQFUHDVHZLWKLQFUHDVLQJ WKHįx/R YDOXHIURP WR7KHKLJKHUFRPSUHVVLYH
UHVLGXDO VWUHVV GHFUHDVHV WKH HTXLYDOHQW VWUHVV DQG VWUHVV WULD[LDOLW\ DKHDG RI FUDFN WLSV WKXV GHFUHDVHV WKH FUHHS
GDPDJHUDWH(TDQGLQFUHDVHVFUHHSGXFWLOLW\(TDWFUDFNWLSVDQGWKXVSURORQJVWKH&&,DQG&&*OLIH
7KHVSHFLPHQZLWKįx/R KDVKLJKHUHTXLYDOHQWVWUHVVDQGVWUHVVWULD[LDOLW\DKHDGRIFUDFNWLS)LJWKXVLWKDV
ORQJHUFUDFNJURZWKOHQJWKDWWKHVDPHFUHHSWLPH)LJVDQG


)LJ9DULDWLRQRIDYHUDJHFUHHSFUDFNJURZWKOHQJWKDJDLQVWFUHHSWLPHIRUWKHVSHFLPHQVZLWKGLIIHUHQWSXQFKLQJWRROVSRVLWLRQV

)LJ(IIHFWRISXQFKLQJWRROVSRVLWLRQį[5RQWKH&&,WLPHWL
  
)LJ7KHGLVWULEXWLRQVRIHTXLYDOHQWVWUHVVDDQGVWUHVVWULD[LDOLW\EDKHDGRIFUDFNWLSVDWFUHHSWLPHW 
KIRUWKHVSHFLPHQVZLWKGLIIHUHQWį[5
D E
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
)LJ7KHFDOFXODWHGGDGW&FXUYHVIRUDOOSUHFRPSUHVVHGVSHFLPHQVDQGWKHVSHFLPHQZLWKRXWSUHFRPSUHVVLRQ
7RDQDO\]HWKHHIIHFWRIUHVLGXDOVWUHVVRQFUHHSFUDFNJURZWKUDWHWKH&&*UDWHDQGC*ZHUHFDOFXODWHGE\XVLQJ
WKH VWDQGDUGPHWKRG LQ$670(7KHFDOFXODWHGda/dtC* FXUYHV IRUDOOSUHFRPSUHVVHGVSHFLPHQVDQG WKH
VSHFLPHQZLWKRXWSUHFRPSUHVVLRQDUHFRPSDUHGLQ)LJ,WFDQEHVHHQWKDWWKHSXQFKLQJWRROVSRVLWLRQVUHVLGXDO
VWUHVVHVVHQWLDOO\KDYHQRHIIHFWRQ&&*UDWHV7KHUHIRUHWKHHIIHFWRIUHVLGXDOVWUHVVRQFUHHSIUDFWXUHOLIHLQ)LJ
PDLQO\DULVHVIURPLWVHIIHFWRQFUHHS LQLWLDWLRQ OLIH WKH&&, WLPH ,QFUHHS OLIHDVVHVVPHQWVDQGGHVLJQVRIKLJK
WHPSHUDWXUHFRPSRQHQWVWKHHIIHFWRIUHVLGXDOVWUHVVRQFUHHSLQLWLDWLRQOLIHVKRXOGEHPDLQO\FRQVLGHUHG
&RQFOXVLRQV
'LIIHUHQW WHQVLOH DQG FRPSUHVVLYH UHVLGXDO VWUHVV ILHOGV DUH LQWURGXFHG LQ SUHFUDFNHG &7 VSHFLPHQV E\ WKH
/23&PHWKRGWKHQWKHFUHHSFUDFNLQLWLDWLRQDQGJURZWKDUHVLPXODWHGLQWKHSUHVHQFHRIUHVLGXDOVWUHVV7KHHIIHFWV
RIUHVLGXDOVWUHVVRQWKH&&,DQG&&*EHKDYLRUDUHLQYHVWLJDWHG7KHUHVXOWVREWDLQHGDUHDVIROORZV
:KHQ WKH SXQFKLQJ WRROV LQ WKH/23&PRYH IURP WKH SRVLWLRQ įx/R    WRįx/R    WKH FUDFNWLS
UHVLGXDOVWUHVVJUDGXDOO\FKDQJHVIURPFRPSUHVVLYHUHVLGXDOVWUHVVWRWHQVLOHUHVLGXDOVWUHVV
7KHKLJKHUFRPSUHVVLYHUHVLGXDOVWUHVVDWFUDFNWLSVGHOD\VFUHHSFUDFNLQLWLDWLRQDQGLQFUHDVHVLQLWLDWLRQOLIH
ZKLOHWKHKLJKHUWHQVLOHUHVLGXDOVWUHVVSURPRWHVFUHHSFUDFNLQLWLDWLRQDQGGHFUHDVHVWKHLQLWLDWLRQOLIH
7KHUHVLGXDOVWUHVVHVVHQWLDOO\KDVQRHIIHFWRQWKHFUHHSFUDFNJURZWKUDWHWKXVLWVHIIHFWRQFUHHSIUDFWXUHOLIH
PDLQO\ DULVHV IURP LWV HIIHFW RQ FUHHS LQLWLDWLRQ OLIH ,Q FUHHS OLIH DVVHVVPHQWV DQG GHVLJQV RI KLJK WHPSHUDWXUH
FRPSRQHQWVWKHHIIHFWRIUHVLGXDOVWUHVVRQFUHHSLQLWLDWLRQOLIHVKRXOGEHPDLQO\FRQVLGHUHG
$FNQRZOHGJPHQWV
7KLV ZRUN ZDV ILQDQFLDOO\ VXSSRUWHG E\ WKH 3URMHFWV RI WKH 1DWLRQDO 1DWXUDO 6FLHQFH )RXQGDWLRQ RI &KLQD

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